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ABSTRACT 

Keratinolytic microorganisms and their enzymes are associated with poultry feather 
degradation. In the present study feathers of Gallus gallus domesticus (chicken) and surrounding dry soil 
was collected from a private poultry shed located in Jahman village near Lahore. Bacteria were 
isolated by using enrichment techniques and screened for their proteolytic activity on skim agar. 
Isolated Bacteria were colonially, morphologically and biochemically characterized and named as 
SNC1, SNC2, SNC3, SNC4, SCH1, SCH2, SCH3 and SCH4. Results showed closed similarity of 
bacterial isolates with bacillus species. Effect of various media (LB-broth and Nutrient broth), pHs (7 
and 8) and temperatures (4, 37, and 50°C) were recorded on bacterial growth and feather degradation. 
Bacterial cell densities and amount of keratin produced per gram feather weight were high at 
temperature 50°C and pH 8.0. The feather degradation by bacterial isolates was confirmed at different 
time intervals using stereomicroscopes. The protein analysis of G. gallus domesticus feathers showed 
protein contents of 3.125g/100 ml. It was concluded high temperature and alkaline pH favored keratin 
production by bacterial consortia. Moreover, the bacterial isolates used in the current study have the 
potential to degrade poultry feather waste and extracted keratin is found to be promising for further 
exploitation of poultry waste. 
Keywords: Gallus gallus domesticus, feather biodegradation, keratin waste, Bacillus sp. 

1. INTRODUCTION 

Poultry industry is growing worldwide progressively and generation of waste products from 
this sector is becoming an environmental issue. These wastes could cause serious soil and water 
pollution if not processed and discharged properly [1]. Keratinous waste like horns, feather, nails, 
hoofs, scales, and wools are produced from poultry and meat processing units, slaughterhouses, 
tanneries and are getting accumulated in the environment [2]. Feathers are considered major waste 
products that are made up of over 90 % proteins, mainly of beta-keratin which is insoluble and has a 
very high stability, thus, low degradation rates and can only be degraded by keratinase enzyme [3,4,5]. 
According to an estimate large quantity of feathers equal to 40 x 10’ kg are being produced around 
the world per year [6]. Nowadays recycling units are installed to make important products such as 
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feather meal. This feather meal is multipurpose and used as an animal feed, fertilizer and also to 
produce environment friendly biodiesel [7]. However, only little amount of feathers are processed and 
are turned into useful products [8]. Furthermore, feathers are being used in cosmetics, textile, plastic 
and paper industries biopharmaceutical, biomedical and bioenergy companies [9]. Keratin degrading 
bacteria and their enzymes also have the potential to improve livestock feed resources [10, 11, 12]. 

The role of keratin in the feather is to make it resistant against proteases such as trypsin, pepsin 
and papain. The presence of disulfide bonds back off its degradation process in nature [12, 13, 14]. 
Keratinase is an extracellular enzyme used for the biodegradation and could only be produced by 
keratinolytic microorganisms in the presence of keratin substrate [15]. Various keratinolytic 
microorganisms have been already identified in the literature: some species of Bacillus (B. licheniformis 
[16], B. subtilis [17] B. cereus [18], B. pumilus [19], actinomycetes and fungi (Aspergillus sp. Penicillin sp. and 
Cladosporium sp.) (20, 21, 22]. 

Kumar et al., (2016) have been reported Bacillus species to display keratinolytic activity in soil 
and poultry compost. Keratinolytic activity is related to both, gram negative 
(Burkholderia, Chryseobacterium and Pseudomonas) and gram positive (Microbacterium sp.) genera [23, 24]. 
However, there is still a gap of knowledge regarding the improvement of the efficiency of keratinolytic 
bacteria which can be enhanced by environmental conditions. The present study aimed to isolate and 
characterize keratinolytic bacteria associated with poultry farm soil. Furthermore, they were seen 
further with varying cultural conditions to see their optimum enzyme production in minimum time 
period. 

2. MATERIALS AND METHODS 
Collection of Feathers and Soil Samples 

Feathers of G. gallus domesticus (chicken) along with dry soil (10 gram soil) were collected in 
sterile plastic bag in winter season from a private poultry sheds in Jahman village located near Lahore. 
Its coordinates were 31° 21 0 N and 74° 32 0 E. Samples were collected in the month of December, 
2017 and stored at 4°C. 

Preparation of Feathers Powder from chicken (G. gallus domesticus) 

Feathers were washed three to four times with sterile water and autoclaved, for 15 minutes at 
121°C. Later on they were further dried in hot air oven for 4 hours at 50°C and crushed in a grinder 
machine until a powder form was obtained. The yield of keratin powder obtained from feathers was 
calculated using the following formula: 

Yield of Keratin powder (grams) = Amount of feather powder (gram)/ Amount of feathers used * 
100 
Isolation and Screening of Bacterial Isolates from chicken (G. gallus domesticus) Feather 

Bacterial isolation of poultry soil samples was carried out by culture enrichment technique by 
following the modified method of Kumar et al., (2016). For this purpose, soil (5 gram) was weighed 
and poured into 250 ml flasks supplemented with 100 ml keratin media (10 g feather powder; 0.5 g 
NaCl; 0.3 g KsHPO,; 0.4 g KH2POx,0.1 g MgSOu.6H20; pH was adjusted to 7.5 using pH meter). The 
flasks were incubated for one week at 37°C at non shaking incubator (SKI 4 Innova Bio-Meditech). 
Later on, 10 ml culture broth from these enriched flasks (containing feather powder) were transferred 
into a fresh keratin media with freshly added feathers as a carbon source (2.51 grams) and incubated 
for 4 weeks at 37°C. The sample from enrichment flasks were serially diluted to 10° and spreaded on 
nutrient agar medium. Different colonies were obtained and were further purified by quadrant 
streaking on the same medium in petri plates. Colony morphology of purified cultures of bacteria were 
recorded. 

Qualitative Screening of Bacterial Isolates for Proteolytic Activity using Skim Milk Assay 
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Purified colonies were further tested for their proteolytic activity by sub culturing isolates on 
Skim milk Agar (Hi Media MV763). Five grams agar media was taken with 250 ml water in 500 mL 
flask and allowed to stand for about 15 minutes. Then the media was placed in a cold water bath and 
was heated gently with frequent shaking to dissolve the medium completely. Media was sterilized by 
autoclaving at 15 lbs pressure (121°C) for 15 minutes. Then, it was mixed well and poured into sterile 
Petri plates. Plates were incubated for a week at 37°C. Bacterial colonies with clearing zones on these 
plates were used for further characterization. Eight isolates were selected on the basis of zone size and 
named as SNC1, SNC2, SNC3, SNC4, SHC1, SCH2, SCH3 and SCH4. 
Effect of Different Media, pH and Temperatures on Bacterial Growth 

To study the effect of varying pHs (7 and 8), temperature (4, 37 and 50°C) and media (L-broth 
and N broth) on bacterial cell densities, bacteria were cultured in L-broth and N broth adjusted at 
respective pH using pH meter (one Normal HCl or NaOH) and incubated at respective temperature 
conditions for 24 hours at shaking incubator. Bacterial growth was determined by taking OD at 600 
nm using spectrophotometer (China N6000splus). 
Images Analysis using Stereo micrograph and Protein Estimation 

The result of feathers degradation was visualized after 4 weeks with stereomicroscope. Protein 
concentration was determined by the method of Lowry et al., (1951). Briefly, protein is estimated by 
suspending weighed amount of extracted keratin powder in 30 ul of normal saline (0.9%) (Cappucino 
and Sherman, 2002) followed by the addition of 120 ul phosphate buffer (0.1M) (Cappucino and 
Sherman, 2002) in 1:4 ratio. The sample was centrifuged at 14000 rpm at 4°C for 10 minutes and 
transferred to ice for 2 minutes. Then, 400 ul of supernatant was taken into separate glass tubes and 
supplemented with 2 ml of folin’s mixture (Cappucino and Sherman, 2002) and allowed to stand at 
room temperature for 15 minutes. Finally, 0.2 ml of folin’s reagent (commercial grade) was added into 
it and its OD was measured at 750 nm through spectrophotometer (Lowry et al., 1951). The Bovine 
Serum Albumin (BSA- commercial grade) was used as a standard. The optical density (OD) was read 
at 750 nm. Protein content is quantified by comparing OD with standard curve of BSA. A standard 
curve was made by using conc. of BSA ranging 0.1, 0.08, 0.06, 0.05, 0.04 mg/400 ul of saline solution. 
These different concentration of BSA were prepared in normal saline and subsequently treated in the 
same way as for keratin powder. 
Colonial, Morphological and Biochemical Characterization of the Bacterial Isolates 

Bacterial isolates were characterized colonially and morphologically (gram staining, spore 
staining and capsule staining) following Cappuccino and Sherman, (2002) techniques. Different tests 
such as Vogues Proskauer (VP), Methyl red, Catalase, Urease, Indole production, Citrate utilization, 
DNase test, H2S production and motility tests were performed. 
Statistical Analysis 

Statistical analysis was carried out between different variables such as temperature and pH 
using SPSS version 22.0. One way ANOVA was applied on variable temperature treatments. While 
an independent sample t test was used to analyze pH differences. 

3. RESULTS AND DISCUSSION 

In the present study soil samples were collected from a poultry site, screened and eight 
bacterial isolates (SNC1, SNC2, SNC3, SNC4, SCH1, SCH2, SCH3 and SCH4) were selected on the 
basis of clear zones that were produced on skim milk agar (Figure 1). 
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Figure 1. G. gallus domesticus feather powder 

It was noticed in the present study that poultry soil was enriched with microbial diversity with 
the ability to degrade complex organic compounds. Our findings were in agreement with various 
studies that showed association of microbes as biodegraders in poultry farms soil [25, 26, 27, 28 29]. 
Feather degrading bacteria were reported from diverse ecosystems that have a great potential to 
degrade keratin, however the soil rich in feather is of a great importance due to the excess of keratin 
[30, 31, 32]. In the study of Lucas et al., (2003), they isolated 33 biodegradable bacteria from dry 
meadows soil. Bach et al., (2011) also isolated feather-degrading bacteria (Bacillus, Aeromonas and 
Chryseobacterium genera) from Brazilian soils. In this study G. gallus domesticus feather powder was used 
for the determination of the keratinolytic activity of keratin degrading bacteria. The feather powder 
was made of 52.5% protein yield and it was black in color (Figure 2). Protein yield (52.5%) that was 
identified comparable to protein yield range provided by Lucas et al., (2003) who reported 40-98 %. 


Figure 2. Clear zones on skim milk agar due to} proteolytic activity by bacterial isolates (30) obtained 
from G. gallus domesticus 
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The effect of varying physiological conditions such as type of media (L-broth and N broth), 
temperature (4, 37 and 50°C) and pH (7 and 8) influenced on bacterial growth. Bacterial growth in 
terms of cell densities were high at temperature 50°C (10° CFU/ml) as compared to 4°C and 37°C 


(Figure 3). 
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Figure 3. Effect of different temperatures (4, 37 and 50°C) on bacterial growth 
The increase in temperature reduced the degradation time of feathers from 4 weeks to almost 


3 weeks (Figure 4). 
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Figure 4. Effect of temperature on degradation of G. gallus domesticus feathers (with 10 days interval) 

Data was statistically analyzed for one way ANOVA and significant difference (p- value < 
0.05) in bacterial growth was noticed at 50°C temperature as compared to 4 and 37°C. Similarly, 
bacterial growth was high on pH 8.0 with SCH2 and SCH3 bacterial isolates as compared to pH 7.0, 
although a maximum bacterial growth was recorded by SNC4 at pH 7.0 (Figure 5). 
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Figure 5. Effect of different pHs (7.0 and 8.0) on bacterial growth 
A significant difference in bacterial growth was recorded at pH 8 (p- value < 0.01) using 
independent sample t test. The increase in pH during cultivation is an important characteristic 
accompanying keratin hydrolysis and the keratinolytic potential of micro-organisms. Results showed 
that the increase in temperature and pH causes higher degradation rates (Figure 6). 
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Figure 6. Effect of pH on degradation of G. gallus domesticus feathers (with 10 days interval) 

Abdel-Fattah et al., (2018) also reported that the biodegradation of feather was greater at a 
temperature range between 50-60°C and pH between7-9 with keratinase ALW1 isolated from Bacillus 
licheniformis. Another study with Bacillus species showed best degradation rates between temperatures 
of 40-50°C and at 10 pH [33, 34]. 

Moreover, a comparison was made between samples (flasks with feathers) in the presence and 
absence of bacterial inoculum and with non-inoculated samples. Bacterial inoculation resulted in a 
pronounced degradation and the time of degradation was reduced by 10 days as compared to non- 
inoculated samples. Organisms with a higher keratinolytic activity turned the media into more alkaline, 
in comparison with other organisms exhibiting lower keratinolytic activity [35, 36, 37]. The protein 
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concentration of G. gallus domesticus feathers was recorded as 3.125g/100 ml and according to the study 
of Poovendran et al., (2011) the maximum concentration achieved was 7 g/100 ml, which was twice 
as compared to our results. However, 4.36 g/100 ml protein concentration was reported by Iqtedar et 
al., (2017) and 4mg/ml was reported by Pandian et al., (2012), whose values were close to our results. 
The selected isolates were studied for their colonial, morphological and biochemical characteristics 
and were Gram positive bacteria, spore formers bacteria and rod shaped bacteria. Different tests such 
as VP (Vogues Proskauer), Catalase, Citrate utilization, and motility turned to be positive. Based on 
these results of biochemical and morphological characteristics, isolates showed resemblance to 
Bacillus spp. This was also reported by Mazotto et al., (2011). Bacillus strains are able to produce 
keratinases in the presence of diverse keratinic waste [38, 49] for example from leather industry, barber 
shop (Kumawat et al., 2017). The majority of reports studying a variety of keratin-degrading 
actinobacteria and other bacteria, include Bacillus sp. [40, 41]. Bacillus spp. have been reported to 
display keratinolytic activity in soil and poultry compost. Bacillus spp. have the ability to degrade 50 
g/L of chicken feather and produce amino acids and other products with 70 % of conversion rate in 
48 hours. 

The pattern of feather degradation was observed at different time intervals using 
stereomicroscopes and shown in figure 7. Degradation of feather was completed at the fourth week 
and white powdery mass was observed. 


Figure 7. A= G. gallus domesticus feather stereo micrograph; B = stereo micrograph of degradation 
of G. gallus domesticus feathers after 4 weeks. 
4. CONCLUSION 

In the present study bacterial isolates which was mostly Bacillus spp. were able to degrade G. 
gallus domesticus feathers from poultry waste using indigenous isolates preferably at high temperature 
(50°C), and normal pH (8.0 pH). The total protein contents of degraded feather was 3.125g/100 ml. 
The efficacy of presently used bacterial isolates were found to show the enough potential in degrading 
poultry waste. Moreover, extracted keratin in present study was promising for further exploitation of 
industrial use besides poultry waste removal. 
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